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MOU year-

wise 

Page No. 

1.  

2019-

2020 

Department of 

Science, 

Technology & 

Environment, 

Govt. of Punjab, 

Chandigarh 

Five 

years 

To organize 

research and 

Innovation 

Program 

1. Training on 

value addition 

to summer 

crops 

2. Awareness 

campaign on 

national 

integration 

3. Swachhta 

pakhwara at 

village Nussi 

4. 

Entrepreneurshi

p program at 

Karari  

5. 

Entrepreneurshi

p program at 

Nussi 

6. 

Entrepreneurshi

p program at 

Sarmastpur 

 

2.  

2019-

2020 

ICAR - Indian 

Institute of 

Wheat & Barley 

Research, Karnal 

Five 

years 

For 

Collaboration for 

Post Graduate 

Research 

Student visit at 

ICAR-

IIW&BR 

Karnal 
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 3.  

2019-

2020 

Punjab Energy 

Development 

Agency, 

Chandigarh 

 

Research & 

Development 

Projects on 

Energy 

Conservation & 

Energy 

Efficiency under 

"State Energy 

Efficiency 

Reseach & 

Outreach 

Program" of 

Bureau of 

Energy 

Effciency, 

Ministry of 

Power, 

Government of 

India 

1. Student visit 

to Punjab 

Energy 

Development 

Agency, 

Chandigarh 

2. PEDA 

training 

programme on 

energy 

conservation 

 

4.  

2019-

2020 

ICAR - Central 

Soil Salinity 

Research 

Institute, Karnal 

Five 

years 

For 

Collaboration for 

Post Graduate 

Research 

Student visit at 

CSSRI Karnal 
 

5.  

2019-

2020 

Department of 

Science, 

Technology & 

Environment, 

Govt. of Punjab, 

Chandigarh 

Five 

years 

To develop 

model villages in 

the vicinity of 

DAV University 

Model 

development of 

village 

Sangowal 

 

6.  2019-

20 

UNIVERSITY 

OF KASHMIR  

Research 

Collaboration  
Publication  

7.  2019-

20 

MIT-ADT 

University  

Research 

Collaboration  
Publication  

8.  2019-

20 

Jamia Millia 

Islamia  

Research 

Collaboration  
Publication  
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The participants interacting with the experts of DAV University 
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Training session to the participants by the experts of DAV University 
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DAV University staff with students at the Govt School Kishangarh
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DAV University staff with villagers at the Govt School Kishangarh
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DAV University staff lecturing students and villagers at the Govt School in Nussi
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Members of self help group and DAV university students
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Members of self help group attending lecture by DAV university staff
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Members of self help group attending the EAP details
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Members of self help group attending session on EAP at Sarmastpur



The faculty of DAV university visiting farms at IIW & BR 

12



13



14



Students of DAV University at the PEDA campus 
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Felicitation of the expert from PEDA by the vice chancellor
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The faculty of DAV University visiting CSSRI staff and at farm

19



20

ahmad
Stamp



21

ahmad
Stamp



Chapter t4
PGPR and Earthworm-Assisted
Phytoremediation of Heavy Metals

Pooja Sharma, Palak Bakshi, Jaspreet Kour, Arun Dev Singh,
Shalini Dhiman, Pardeep Kumarr lbrahim, Ashutosh Sharma,
Bilal Ahmad Mir, and Renu Bhardwaj

Abstract The pronounced and major effects of contamination of the environment
with heavy metals and other xenobiotic compounds have become a major problem
worldwide. Soil contaminated with heavy metals poses serious threat to plants,
animals as well as human healtl-r. Heavy metals due to their toxicity reduces the
soil fertility, affects the plant photosynthetic efficiency, reduces yield of the crops,
and causes nutrient imbalance. Phytoremediation an eco-friendly, clean, and green
technology helps to remove contaminants from the polluted soils. The use of
beneficial microorganisms along with plants is considered as an effective method
for increasing the efficiency of remediation of contaminated soils. Earthworms also
play an important role in remediation process. Interaction of plants with microflora
plays a vital role in bioavailability of the metals and their bioaccumulation in plants.

Keywords Plant growth-promoting rhizobacteria . Earthworms ' Fungi . Heavy
metal .Plants
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Chapter 15 - Hydrogen sulfide and phytohormones
crosstalk in plant defense against abiotic stress
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Abstract

Global developmental strategies and population expansion are continuously showing their odd impacts on the living
world, thereby causing stresses of multiple natures. To combat these stresses, hvdrcgelsJflde (H2S) is well-examined
signaling molecule that acts as a priming agent and helps in regulating the response of plants to various stressful

conditions. Hydrogen sulfide is formed in the plant cells as an intermediate ofan assimilatory sulfate reduction.
Despite the endogenous release of hydrogeu:ulfide, its exogenous application has been found to be beneficial in the

amelioration of multiple abiotic stresses. These responses are also mediated by the expression ofgenes and proteins

that participate in signaling and metabolic pathways induced through several small signaling molecules known as

plant hormones or phlnohormones. Ph!ftohormones are also fouDd to be involved in regulation ofthe protective

responses unde.various abiotic and biglifsEell conditions, H2S in crosstalk with these phytohormones significantly
ameliorates the abiotic stress in plants. In this chapter we have discussed in detail how H2s in crosstalk with
phytohormones helps in the enhancement ofdefense agaiDst abiotic stress in plants.
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t9

Thiol Assisted Metal Tolerance in Plants
Poojo Shormal'2,  Polak Bokshil, Dhriti Kopoor3,  Priya Arorol, laspreet KoLtrl, Rupinder
Kaur4, Ashutosh Shormas, Bilat Ahmod  Mir6 snd Renu Bhordwajl

1 Deportment of BotonicoL ond Environmentol Sciences, Guru Nonok Dev llniversity, Amritsar, Punjob, lndia
2 Department of MicrobioLogy, DAV University, Jolondhar, Punjab, lndio

t9.L lntroduction

Heavy metals occur naturally in the soil, however a large amount of these metals are released to 
the environment  by various geological and anthropogenic activities like rapid industrialization, 
extensive  use of pesticides and fertilizers in agricultural lands, mining, smelting, sewage sludge [1]. 
Owing  to their long persistence and nondegradable nature, their accumulation has sheer increased 
in agricultural soils and environment. Heavy metals are toxic to the cells even at genetic level by 
causing various mutations, consequently prove toxic  to plants, animals, contaminate  food chains 
and food webs [2, 3]. Some of the heavy  metals like Fe, Zn, Ni, Co, Mn, Cu, Mo are essential 

micronutrients for various metabolic processes of plants but their excessive amounts are harm- 
fuI. Metals such as As, Cd, Cr, Hg and Pb are not beneficial for the plant and alter the physiological 
and biochemical metabolism of the plants which eventually result in reduced crop yield [4, 5]. 

Exposure of plants to hear,y metals cause oxidative stress due to excessive production of reactive 
oxygen species (ROS) such as superoxide (Or-), hydroxyl  radical (OH-), singlet oxygen (1Or), and 
hydrogen peroxide  (HzOz) Ojuederie and Babalola [6].

  Among different strategies adopted by plants to overcome stress, various evidences have 
emerged which focus on the number of non-protein and protein thiols to combat stress [7]. 
The sulfur-containing amino acids cysteine (Cys), methionine (Met), the tripeptide glutathione 
play important role in abiotic stress tolerance [8]. Thiols work as redox br,rffer and protect the 
components of cells from ROS and play important  role in plant adaptation to stress. Plants have 
large range of reduced sulfur in the form of protein thiols or low molecular weight (LMW) thiols 
present in the biomolecules like proteins, vitamins, antioxidants, cofactors, and metal binding 
protcins. Plants takc up the sulfur from thc soil in the form of sulfate which is rcduccd to sulfidc
and finally incorporated into cysteine. It is quickly incorporated in proteins or transformed 
into other compounds primarily methionine (Met) and glutathione (GSH). Thiol group (-SH)
incorporated either in proteins (cys-residues) or its existence as non-protein thiol tends to be 
oxidized forming  disulphides (S-S). This disulphide status in proteins is of utmost importance as

Handbook of Assisted and Amendment-Enhanced Sustainqble Remediation Techno
Edited by Majeti Narasimha Vara Prasad.
O 2027 John Wiley & Sons Ltd. Published 2021by  John Wiley & Sons Ltd.
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Chapter 1B

Nanobioremediation: a novel technology
with phenomenal clean up potential for a
sustainable environment
Tamanna Bhardwaj', Kanika Khannai, Pooja Sharma"::, Palak Bakshi''i, Kamini Devi', lsha Madaanl,
Shruti Kaushik'', Geetika Sirhindi', Bilal Ahmad Mir4, Rupinder Kaurr', Ashutosh Sharmai', Puja Ohri'and
Renu Bhardwaj'
t Plant Stress Pltysiology lttb, Department of Botanical and Environmental Sciences, Guru Nanak Dev [Jniversity, Amritsar, Pwtjab, India,

Zoologlt, Guru Nanak Dev University, Amritsar, Puniab, India

18.1 lntroduction
Nanobioremediation is a contemporary consolidated technology which includes both nanotechnology and bioremedia-
tion. It has got best of both technologies which makes nanobioremediation highly efficient and environment friendly
approach (1:iiti1:i;'.:.1 :.t1.. :tt:.li). Toxicity of Nanoparticles for microorganisms is very well cited in the literature, but the

right dose of nanoparticles plays critical role (1..;, *t.;t1.. itii'\i).lt was reported by 't,r,';t ;t1.Zlti!:t that with the help of
nano-bio approach, polychlorinated biphenyls (PCBs) were effectively bioremediated with B. xenovorans and Pd/Fe

nanoparticles. Another similar study conducted by )ltl:rtir'i;:;.; ,;:i ;ti t..ltii{ti, stated that nZYl and whey generated

microbes removed 97Vo-99Vo of Cr (VI) in an integrated system. On basis of the sequence for applying the nanoparticle
and bioagent, mainly two methods are designed namely sequential method and concurrent or combined method. In
sequential method, contaminant is first treated with nanoparticles followed by bioagent. Whereas, in concurrent or com-
bined method both the components i.e., bioagent and nanoparticles are added simultaneously (lir;lh;.:'t;;1....i.t1':..{i).
Biogenic nanoparticles are synthesized from Algal, Fungal and Bacterial agents. They are synthesized using intracellu-
lar or by extracellular processes. In intracellular processes, diffusion of positively charged metal ions takes place into
negatively charged cell wall by electrostatic interactions. While in extracellular processes, enzymes secreted by fungus

duction of iron oxide nanoparticles by Bacillus subtilis, isolated from rhizosphere soil samples. Similarl!,i*.;tt;i':i't i)1 r.ri.

iiiil"i'; stated that fungal cells are capable of producing gold nanoparticles (AuNPs). Brown algae are engaged in bio-
synthesis of nanoparticles, since it is rich in mucilaginous polysaccharides and carboxyl groups. They assist in metal

uptake and hence are used for production of nanoparticles (tra"li;l*<1'::1 ;tt'ttl lihit.jti.';,{i1(t). Microorganisms being biological

Various laboratory-based studies and field-level application of biogenic nanopafticles are conducted to clear away envi-
ronmental toxins. Microbe mediated nanobioremediation is used to target heavy metals, hydrocarbons, dyes, pharma-
ceuticals as they adversely pollute natural resources. In recent study, it was reported that iron nanoparticles synthesized

from natural consortium had ability to efficiently absorb copper, zinc and chromium from wastewaters ({.';.r:;z:t' rt-'tt1..

:il.r1:t). Biogenic manganese oxides (BMO) were manufactured using Pseudomorrus putido MnBl foreradication of hea-

vy metals. V,it*r.i e::j ;,i.1..l1{:i.i reported that BMO adsorbed heavy metals better than the chemically synthesized manga-

nese oxide. t:ttjt.,,:t;ij.. itrli: stated that biogenic AgNPs (silver nanoparticle) synthesized using Chlorella pyrenoiclosa
productively degrades Methylene blue (MB) dye, an obstinate toxic organic compound. Another study came up

B"#:T:lH,f"r,tlTX;T,J:Y[::t]" 
Nanottchnorosr. DoI: Lrtlx://**i.*rfitt.lttltii'eTt;t"tt-3x3-']1i44-3.ttt*ru", 
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Abstract

Inapt usage of pesticides adversely affects the growth and development of the plants. 

Pesticides not only target the target species but also hampered the life cycle of nontarget 

species. The oxidative burst in plants with the generation of enhanced reactive oxygen 

species (ROS) has a detrimental effect on various physiological and biochernical 

mechanisms of plants which resulted in stunted growth, chlorosis,  blackening of roots, 

accumulation of pesticides in plant parts, and decreased photosynthetic potential. Plants 

have the potential to withstand the stress conditions by activating different defense

mechanisms like antioxidative defense system -enzymatic and nonenzymatic. 

Brassinosteroids (BRs) are the plant steroidal hormones known  for their potential to
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Abstract

  Inapt usage of pesticides adversely affects the growth and development of the plants.
  Pesticides not only target the target species but also hampered the life cycle of nontarget
  species. The oxidative burst in plants with the generation of enhanced reactive oxygen 

species (ROS) has a detrimental effect on various physiological and biochemical 
mechanisms of plants which resulted in stunted growth, chlorosis, blackening of roots, 
accumulation of pesticides in plant parts, and decreased photosynthetic potential. plants 

have the potential to withstand the stress conditions by activating different defense 
mechanisms like antioxidative defense system -enzymatic and nonenzymatic. 

Brassinosteroids (BRs) are the plant steroidal hormones known for their potential to
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Chapter 14

PGPR and Earthworm-Assisted
Phytoremediation of Heavy Metals

Pooja Sharma, Palak Bakshi, Jaspreet Kour, Arun Dev Singh,
Shalini Dhiman, Pardeep Kumarr lbrahim, Ashutosh Sharma,
Bilal Ahmad Mir, and Renu Bhardwaj

Abstract The pronounced and major effects of contamination of the environment
with heavy metals and other xenobiotic compounds have become a major problem
worldwide. Soil contaminated with heavy metals poses serious threat to plants,
animals as well as human health. Heavy metals due to their toxicity reduces the
soil fertility, affects the plant photosynthetic efflciency, reduces yield of the crops,
and causes nutrient imbalance. Phytoremediation an eco-friendly, clean, and green
technology helps to remove contaminants from the polluted soils. The use of
beneficial microorganisms along with plants is considered as an effective method
for increasing the efliciency of remediation of contaminated soils. Earthworms also
play an important role in remediation process. Interaction of plants with microflora
plays a vital role in bioavailability of the metals and their bioaccumulation in plants.

Keywords Plant growth-promoting rhizobacteria . Earthworms . Fungi ' Heavy
metal .Plants
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Chapter 15 - Hydrogen sulfide and phytohormones
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Abstract

Global developmental strategies and population expansion are continuously showing their odd impacts on the living

world, thereby causing stresses of multiple natures. To combat these stresses, hydroqen sulfide (H2S) is well-examined

signaling molecule that acts as a priming agent and helps in regulating the response ofplants to various stressful

conditions. Hydrogen sulfide is formed in the plant cells as an intermediate of an assimilatory sulfate reduction.

Despite the endogenous release of $4lpgensulltde, its exogenous application has been found to be beneficial in the

amelioration of multiple abiotic stresses. These responses are also mediated by the expression ofgenes and proteins

that participate in signaling and metabolic pathways induced through several small signaling molecules known as

plant hormones or phytohormones. Phytohormones are also found to be iflvolved in regulation ofthe protective

responses under various abiotic and bigific3gssE conditions. H2S in crosstalk with these phytohormones significantly

ameliorates the abiotic stress in plants. In this chapter we have discussed in detail how H2S in crosstalk with
phytohormones helps in the enhancement ofdefense against abiotic stress in plants,
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ThioL Assisted Metal Tolerance in Plants
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1,9.1 lntroduction

Healy metals occur naturally in the soil, however a large amount of these metals are released to
the environment by various geological and anthropogenic activities like rapid industrialization,
extensive use of pesticides and fertilizers in agricultural lands, mining, smelting, sewage sludge [1].
Owing to their long persistence and nondegradable nature, their accumulation has sheer increased
in agricultural soils and environment. Heavy metals are toxic to the cells even at genetic level by
causing various mutations, consequently prove toxic to plants, animals, contaminate food chains
and food webs [2, 3]. Some of the heavy metals like Fe, Zn, Ni, Co, Mn, Cu, Mo are essential
micronutrients for various metabolic processes of plants but their excessive amounts are harm-
fuI. Metals such as As, Cd, Cr, Hg and Pb are not beneficial for the plant and alter the physiological
and biochemical metabolism of the plants which eventually result in reduced crop yield [4, 5].
Exposure of plants to heavy metals cause oxidative stress due to excessive production of reactive
oxygen species (ROS) such as superoxide (Or-), hydroxyl radical (OH-), singlei oxygen (tOr), and
hydrogen peroxide (HrOz) Ojuederie and Babalola [6].

Among different strategies adopted by plants to overcome stress, various evidences have
emerged which focus on the number of non-protein and protein thiols to combat stress [7].
The sulfur-containing amino acids cysteine (Cys), methionine (Met), the tripeptide glutathione
play important role in abiotic stress tolerance [8]. Thiols work as redox buffer and protect the
components of cells from ROS and play important role in plant adaptation to stress. Plants have
large range of reduced sulfur in the form of protein thiols or low molecular weight (LMW) thiols
present in the biomolecules like proteins, vitamins, antioxidants, cofactors, and metal binding
proteins. Plants take up thc sulfur from the soil in thc form of sulfate which is rcduced to sulf,dc
and flnally incorporated into cysteine. It is quickly incorporated in proteins or transformed
into other compounds primarily methionine (Met) and glutathione (GSH). Thiol group (-SH)
incorporated either in proteins (cys-residues) or its existence as non-protein thiol tends to be
oxidized forming disulphides (S-S). This disulphide status in proteins is of utmost importance as

Handbook of Assisted and Amendment-Enhanced Sustainable Remediation Technologt, First Edition.
Edited by Majeti Narasimha Vara Prasad.
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Chapter 1 B

Nanobioremediation: a novel technology
with phenomenal clean up potential for a
sustainable envi ron ment
Tamanna Bhardwaj', Kanika Khannai, Pooja Sharmat''t, Palak Bakshi''', Kamini Devi', lsha Madaan?,
Shruti Kaushik"', Geetika Sirhindi'i, Bilal Ahmad Mirri, Rupinder Kaurr;, Ashutosh Sharmai', Puja ohri' and
Renu Bhardwaj'i
t Plant Stress Plrysiology ktb, Department of Botanical and Environmental Sciences, Guru Nanak Dev UniversiD,, Amritsar, Punjab, India,

Taology, Guru Nanak Dev University, Antritsar, Purfiab, India

18.1 lntroduction
Nanobioremediation is a contemporary consolidated technology which includes both nanotechnology and bioremedia- 
tion. It has got best of both  technologies which makes nanobioremediation highly  efficient and environment friendly 
approach (1ii;r',:t i:{ :t'i.. it{''r17. Toxicity of Nanoparticles for microorganisms is very well cited in the literature, but the

nano-bio approach, polychlorinated biphenyls (PCBs) were effectively biorernediated with B. xenovorarr and Pd/Fe 

nanoparticles. Another similar study conducted by i'ii:,tir:i:,i,. ,,:: ;ri 1';|.t.ii{:t), stated that nZYl and whey generated 
microbes  removed 9lVo-99Vo of Cr (VI) in an integrated system. On basis of the sequence for applying the nanoparticle 
and bioagent, mainly two methods are designed namely sequential rnethod and concurrent or combined  method. In 
sequential method, contaminant is first treated with nanoparticles followed by bioagent.  Whereas, in concurrenf or com- 

bined  method both the components i.e., bioagent  and  nanoparticles are added simultaneously (.iiir::l', i:J. ;;i . 'ttl.:l;). 

Biogenic nanoparticles are synthesized from Algal, Fungal and Bacterial agents. They are synthesized using intracellu- 
lar or by extracellular processes. In intracellular processes, diffusion of positively charged metal ions takes place into 
negatively charged cell wall by electrostatic  interactions. While  in extracellular processes, enzymes  secreted by fungus

duction of iron  oxide nanoparticles by Bacillus subtilis, isolated from rhizosphere soil samples. Sirnilarly, h:l,.:t),.1fi i:ii iii. 
ii:ti1'l; stated that fungal  cells are capable of producing  gold nanoparticles (AuNPs). Brown algae  are engaged in bio- 
synthesis of nanopat'ticles, since it is rich in mucilaginous polysaccharides and carboxyl groups. They assist in metal

Various laboratory-based studies and field-level application of biogenic nanoparticles are conducted to clear  away envi- 
ronmental toxins. Microbe mediated nanobioremediation is used to target heavy metals,  hydrocarbons, dyes, pharma- 
ceuticals as they  adversely pollute natural resources. In recent study, it was reported that iron nanoparticles synthesized 
from natural consortium had ability to efficiently absorb  copper, zinc and chromium from wastewaters ({...';.t.,i',,,,::1. i.i.,...

::ti1:t'). Biogenicmanganeseoxides(BMO)weremanufacturedusing PseudomortttsltutidaMnBl  foreradicationof hea-
vy metals. 7,iti:,,,.:. ri t:l..';ti 1:i reported that BMO adsorbed heavy metals  better than the chemically synthesized manga- 
nese oxide. ;\ttt,:r.;il..:::'ti'.1 stated that biogenic AgNPs (silver nanoparticle) synthesized using Chlorella pyrenoiclosa 
productively degrades Methylene blue (MB) dye, an obstinate toxic  olganic compound. Another study came up

Environmental Applications  of Microbial Nanotechnologv. DOI: *lig'tt'.lhltri.*r*!.1{:t,.ll)l{i!fi.qr7,\.ll^:lTi.rl
@ 2023 Elsevier Inc. All rights reserued. 315
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Enhanced photocatalytic degradation of Rhodamine B and Methylene blue
by novel TiO2lSnSe-SnOz hybrid nanocomposites under sunlight
irradiation: correlation of photoluminescence property with
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ABSTRACT

Semiconducting nanocomposites (NCs) has proved their dominance in various energy applications. The facile
chemical synthesis of semiconducting hybrid NCs of Ti02 nanoparticles with SnSe,/Sno2 (Ss) nanostructures has
been carried out. structural, morphological, compositions, optical and photo-catalytic (pC) properties of the
synthesized materials were then studied by various characterization techniques. The hybrid NC of Tio2 nano-
particles grown with addition of 0.5 g of SS nanostructures has been observed to exhibit the best pC activity
amonS the other samples. The fitted photoluminescence (PL) spectra of pristine TiO2 when compared with the
other two Tio2 -ss hybrid NCs showed that the oxygen vacancy (oV) defects play a major role in enhancing the
Pc property. The samples with superior PC activities have higher intensity of pL emission peak from oVs,
efflcient charge separation owing to longer lifetime of free charge carriers deduced from time-resolved pL studies
and higher surface area.

1. Introduction

The toxicity and hazardous chemicals in water from last few decades
has attracted attention towards the increasing environmental pollution
in various parts of the world. Mainly dyes are responsible for water
pollution that is used in food, textiles, cosmetics, leather industries etc.
There are various methods used for the degradation of dyes like chem-
ical, oxidation, chemical ion exchange, coagulation- flocculation, elec-
trocoagulation, electrooxidation, vacuum evaporation, membrane
filtration photocatalysis and absorption i j ..,r i. photocatalysis is a highly
efficient cost-effective method that degrades these toxic pollutants to
harmless minerals using green and abundant solar energy on the surface
of a photocatalyst ii:l I j :. An efficient photocatalyst must have arr op-
timum band gap value, slow charge recombination and high surface area
to facilitate the photocatalysis process i i ,j i ,ri j. The photocatalysts are
generally semiconductor materials that absorb light radiation to pro-
duce electron-hole pair which helps in formation of free radicals that are
responsible for oxidation of long-chain organic molecules. Titanium

dioxide has become one of the best choices as photocatalyst because of
its low cost, high chemical stability, good oxidizing power, non toxic
nature and good photocatalytic efficiency. Tio2 is used in various ap-
plications such as photo catalysts, photovoltaics, photosensors, paints,
toothpaste, ointments, sun screen, self cleaning surface, water splitting,
water purification, air cleaning, solar cell and batteries [::,], 1i)1. Tio2
could absorb the light of wavelengths lower than 3g7 nm due its large
band gap (3.0 - 3.5 ev). It absorbs light only in ultravioler region and
only small fraction of solar light can be absorbed by Tio2 as less than 5%
of solar energy is emitted as uV irradiation. The solar radiation that
reaches the earth consists of 42-43o/o of visible light. There have been
many efforts done to extend the activity of Tio2 into visible light region
and enhance its photo catalytic efficiency ii.rr. *. literature reports
show that the opt-ical absorption and photocatalytic performance of Tio2
has been improved by doping, mixing with other highly porous and
matching band edge semiconductors i I ;'r .'1. i i . The coupling of low band
gap semiconductor with Tio2 to form a nanocomposite (NC) also called
as heterogenous catalyst, which can absorb both uV and the visible light
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